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FOUR species of kangaroo are harvested commercially in the Murray-Darling Basin, the red kangaroo (Macropus rufus), the eastern grey kangaroo (Macropus giganteus) the western grey kangaroo (Macropus fuliginosus) and the common wallaroo or euro (Macropus robustus). Progress in the management of the commercially harvested species of kangaroos requires the resolution of conflicting interests. For pastoralists in the sheepgrazed rangelands, where most commercial harvesting occurs, kangaroos are generally regarded as competitors with livestock for forage, and as an uncontrolled herbivore restricting their capacity to manage land in a sustainable way. For kangaroo harvesters and processors they are the basic resource of viable businesses. Tourist operators may also view them as a resource but one whose value lies in nonconsumptive uses. For some conservationists they represent a challenge to the principles of ecologically sustainable development while for others their status as wildlife and protected fauna renders any form of commercial utilisation entirely unacceptable.
Kangaroo
Management Programs have historically aimed to contain agricultural and pastoral damage while maintaining viable kangaroo populations throughout their natural ranges. Utilisation of the harvested species as a renewable resource was initially a secondary objective but one that has been increasingly emphasised in recent years. Apart from species conservation it is now the only objective of the New South Wales (NSW) Kangaroo Management Program (KMP).
Although kangaroo management programs have been approved under relevant Commonwealth and State legislation they have generally failed to satisfy the various interest groups involved. Graziers frequently argue that populations have not been sufficiently reduced and that kangaroos continue to impose serious restrictions on both land management and pastoral productivity. While generally acknowledging that viable populations have been maintained, conservationists question the level of economic damage caused by kangaroos and are concerned at the possible implications of selective harvesting on their genetic composition. Kangaroo harvesters would prefer less regulatory control of their capacity to develop their businesses. Animal liberationists reject the programs entirely and attack the kangaroo industry on the basis of animal welfare. Clearly, not all of these interests can be completely reconciled.
This paper describes the derivation of a new model of kangaroo-pasture dynamics, using a red kangarooc-henopod shrubland interaction as a representative system. The model is used to define combinations of harvest rate and sex ratio in the harvest that best satisfy the objectives of the stakeholder groups. Identifying common ground and differences between stakeholders is an important step in attempting to reach consensus for the management of the harvested kangaroo species.
Existing management
The annual commercial harvest under each State's KMP is determined by a quota system that employs a population tracking strategy (Pople 1996) . The quota is not fixed but set between 10 -20% of population size determined from aerial survey. Environmental conditions and population trend also influence the quota. The quota is set as a safeguard against commercial over-exploitation.
Kangaroos are commercially harvested for either their carcass, which provides meat for the human consumption and pet food markets, or for their skin. In NSW there is presently no commercial harvesting for skins alone, although the skins from carcases are used. In Queensland there is harvesting for both carcasses and skins. The harvest is monitored through a combination of shooter records (species harvested, number, sex, weight and location) and population survey. The use of these population and harvest statistics allows monitoring of population trend and determining the extent to which the current quota is fulfilled.
What is sustainable use?
An overriding condition of any consumptive use of wildlife is that the use must be sustainable. Advocates of the consumptive use of kangaroos (e.g., Grigg 1987 Grigg , 1989 Grigg , 1994 Grigg , 1995 have suggested that sustainable use can conserve threatened ecosystems and reduce land degradation (but, see Rawlinson 1988 or Croft 2000 for an alternative view). These ideas are yet to be rigorously tested.
It is important to clearly define sustainable use, especially in the light of recent criticisms (e.g., Milner-Gulland 1999), which have cautioned against the loose definition of sustainable use by policy makers and politicians. Sustainable use depends upon three main factors, and all of these factors must be satisfied for use to be sustainable (Milner-Gulland 1999) . First, the use must be ecologically sustainable, meaning that any use cannot harm the ecosystem in the long term. Use must also be economically sustainable, meaning that a profit needs to be derived. Finally, use of the resource must be culturally acceptable. If one factor is not satisfied sustainable use will not occur.
Stakeholders
There are a number of stakeholders involved in the commercial harvest of kangaroos. They include government wildlife management agencies, conservationists, pastoralists, the kangaroo industry and animal welfare organisations. The positions of the stakeholders range from active development of a commercial industry to 'no killing', commercial or otherwise.
representing government management agencies, conservationists, pastoralists and the kangaroo industry have formally described their management objectives for the commercial harvest of kangaroos (Hacker and McLeod 1999) . Some of these objectives were mutually exclusive. In almost all cases, it was not possible to evaluate strategies in terms of these objectives with existing information on the ecology of kangaroos.
Government management agencies oversee the commercial harvest and non-commercial culling of kangaroos, in addition to the management of national parks and reserves. Their objectives were concerned with the effect of kangaroos on sensitive conservation areas, such as remnant vegetation on national parks. They were concerned that the effects of management for conservation objectives, such as reducing kangaroo density to low levels for prolonged periods to allow threatened vegetation to recover, were unknown.
The policies of non-government conservationists are varied, ranging from an official policy of no commercial harvesting to acceptance of commercial harvesting so long as there are demonstrable gains in biodiversity. Regardless of their official policy position all non-government conservationists demanded that management be consistent with the principles of ecologically sustainable development. Ecologically sustainable development (ESD) integrates ecological and economic goals into the decision making process (Edwards-Jones et al. 2000) . It is achieved through implementing the following principles: the precautionary principle, intergenerational equity, conservation of biological diversity and ecological integrity and accurate valuation of inputs, outputs and ecological services. COA (1992) contains a detailed description of ESD.
Pastoralists are concerned that kangaroos make a significant contribution to total grazing pressure, which restricts their management options (Browne 1995) . There are claims that the present commercial harvest does not reduce kangaroo density to sufficiently low levels to substantially reduce total grazing pressure, which consequently limits pastoralists' management options. Their objectives concerned reducing kangaroo density and the grazing pressure kangaroos exert on pasture.
The kangaroo industry's management objectives are concerned with ensuring a sustainable industry. Their objectives pertained to obtaining long-term sustainable yields from kangaroo populations and minimising variance in supply.
MATERIALS AND METHODS
We defined a range of management strategies that were consistent with the stated objectives of the stakeholders (see Hacker and McLeod 1999) . The strategies required an analysis of the effect of the alternative strategies on kangaroo populations and the environment over time. We derived a new temporal model of pasture-kangaroo dynamics to examine the alternative harvesting strategies linked to stakeholder objectives.
Modelling kangaroo dynamics
Physiologically structured population models can be broadly classified as either discrete or continuoustime models. Matrix models are based on discrete time step solutions, which are appropriate for stagebased population dynamics (e.g., insects), organisms that have clearly defined transitions from one age class to the next or in ecosystems that have clearly defined seasons. But in a continuously changing and highly unpredictable environment, such as Australia's rangelands, a continuous-time approach is more appropriate. The simulation of continuous-time physiologically structured models requires the numerical solution of partial differential equations (PDE).
Unfortunately, PDE's are both mathematically and computationally difficult to analyse, and their analysis is particularly difficult when the environment is not constant. A method that is intermediate in numerical complexity between matrix and PDE-type models is the 'Escalator Boxcar Train' (Goudriaan and van Roermund 1989; de Roos 1997) , which combines the computational ease of matrix models with the flexibility of continuous-time models (de Roos et al. 1992) . The method can include interactions between the environment and the population, an arbitrary number of physiological traits of individuals and can easily handle continuous reproduction.
A kangaroo population model was derived with the specific intention of allowing sex and age bias in the harvest to be explicitly included in the simulation of population dynamics. At the start of the project, we reviewed existing models of kangaroo dynamics (Caughley 1987; Cairns and Grigg 1993; McCarthy 1996) and found that they did not allow inclusion of age and sex, while also including the interaction of kangaroos with their environment. To address this deficiency in existing models, we extended the basic framework of Caughley's (1987) interactive red kangaroo model, which explicitly included feedback between kangaroo populations and their environment, to include cohorts of age and sex.
Mathematical background
The age structure of a population at time t can be represented by the density function n (a,v,t) , where a is age and v is available food. Let b(a,v) and µ(a,v) be the age specific birth and death rates as a function of age a and food availability v. The birth rate only contributes to n (0,v,t) , meaning there can be no births in any other age class.
Thus, a population can be represented algebraically by the "law of conservation" (population rate of change = births -deaths + immigration -emigration) (Murray 1989) as,
term is the contribution to the change in n(a,v,t) from individuals getting older. Dividing this equation by dt (and noting that 1 da dt = , since time t and age a change at the same rate), we can see that the rate of change in the population is equivalent to
There are no source terms defined for the interior of the McKendrick-von Foerster equation (Murray 1989) , which means that in this case migration is ignored and only sink terms due to mortality are included.
To study the dynamics of this system it is necessary to impose the boundary conditions, ( ) ( ) 0 ,0 n a n a = which represents the initial distribution of individuals in age classes and
which represents the population birth rate, where n (0,v,t) is the number of newborns in a short time period dt and b(a,v) is the per capita birth rate as a function of age and food availability.
But there is known to be a male bias in kangaroo harvesting (Pople 1996) . A model of population dynamics should include the capacity to model such bias. Therefore, we need to modify the McKendrickvon Foerster equation to explicitly model male and female dynamics separately. This modification leads to the following set of equations (a,v) and µ m (a,v) are respectively the female and male age specific death rates as a function of age a and food availability v, f (a,v,t) is the density of females in age class a and food availability v at time t, m (a,v,t) is the density of males in age class a and food availability v at time t, β (a,v) is the maternity function, and s is the primary sex ratio at birth. (The maternity function is the average number of females born to a female of age a, when there is v food available, over a short period of time dt).
Harvest offtake (or rate) is then modelled as an additive form of mortality that is age and sex specific (h f (a) and h m (a)), giving
Parameters and functions
The model simulates the dynamics of a M. rufus population that feeds on a growing pasture of chenopod shrubs and annual forbs. The vital rates of the kangaroo population (fecundity and survival) depend on pasture biomass. Pasture growth depends primarily on rainfall, but also on kangaroo density since kangaroos consume forage. Thus, kangaroo populations cannot grow indefinitely since they are limited by a negative feedback loop that connects pasture biomass and kangaroo vital rates.
The model operates on 3-month time steps, which correspond to the seasons of the year. While the quota is calculated only once every year (in winter), the quota is then allocated equally between the seasons in the following year. All of the results presented here are based on a M. rufus population in the far west of NSW. Climatic data for Broken Hill has been used throughout the analyses.
Pasture growth was modelled as a discrete-time function of total standing dry matter and rainfall, following the methods of Robertson (1987) . The pasture growth model is representative of growth in an arid chenopod shrubland. Pasture growth over one quarter was 2 1 1 55.12 0.01535 0.00056 3.946
where V is pasture biomass at the beginning of the season and R is the rainfall for the current season (each season being one quarter or a year in length and used in a conventional sense, i.e. summer consists of the months December, January and February).
Rainfall was simulated as a random draw from a normal distribution, after Caughley (1987) .
The functional response of each cohort was modelled using the red kangaroo functional response derived by Short (1985) , after the average weight of each age-sex class was calculated, giving Female M. rufus were assumed to reach sexual maturity at 18 months of age and to become senescent at 16 years of age. Sex ratio was assumed to be 1:1. All females were assumed to be able to raise 1.3 young/year. The age specific survivorship of both sexes was assumed to be equal. Age specific survivorship was modelled as a Weibull function (Lee 1992), where l x is the survivorship of an individual of age x, and λ and γ are shape parameters. In this study λ = 0.614 and γ = 0.428. The calculated age specific survivorship was used to calculate the finite survival rate (
), which was converted to an age specific instantaneous mortality rate (or death rate) (Krebs 1989). It was assumed that when pasture biomass was greater than 600 kg/ha age specific survival was at a maximum. But when pasture biomass was less than 600 kg/ha age specific survival decreased linearly with pasture biomass. The breakpoint of 600 kg/ha was taken from visual inspection of a numerical response function of red kangaroos to pasture biomass (Bayliss 1987) . This empirically derived function asymptotes at pasture biomass greater than 600 kg/ha. When pasture biomass was less than 600 kg/ha 1 1 ( ) 1 600
For the purpose of this paper, only one harvesting strategy will be analysed -a quota based harvest with the restriction of minimum dressed carcase weight of 13 kg. This strategy is similar to the existing harvest strategy regulated by each State. At present there are few restrictions on an individual harvester's effort and harvest rates at a property scale may vary between no harvesting to very high harvest rates (greater than 90% per annum) (Pople 1996).
The harvest strategy was evaluated for various combinations of annual harvest rate and male bias. Harvest rates were incrementally increased from 0% (i.e., no harvest) to 90%, in 10% increments (9 increments in total). Male bias was increased incrementally from 0% (female only harvest) to 100% (male only harvest) in 10% increments (11 increments in total). Each strategy was evaluated for 99 (9 × 11) different combinations of harvest rate and male bias. Each of these combinations was simulated 100 times, with each simulation comprising a run of 100 years. The average of each performance criterion (i.e., the global average over the 100 repeated simulations) was saved for later use in a multi-criteria decision analysis.
Government wildlife agencies can regulate the harvest of kangaroos by setting quotas or by defining limits within which harvesting must occur. For example, quotas are currently set at about 20% of population size. The kangaroo industry has limited options for adjusting how it harvests with the notable exception of controlling the sex ratio of harvested individuals, which tends to be male biased (Pople 1996) . Thus, under the current constraints the management of commercially harvested kangaroos is defined by a combination of the harvest rate (set by regulatory agencies) and the sex ratio of the harvest (set by industry). It is not possible to a priori determine the best combination of harvest rate and sex ratio in the harvest that will satisfy the objectives of each group of stakeholders. However, multicriteria decision analysis is a method that can be used to find the best solution to a problem with multiple objectives, such as the management of commercially harvested kangaroos. The next section describes the use of multi-criteria decision analysis to the problem of defining a management strategy that best balances the objectives of each stakeholder group.
Multi-criteria decision analysis
The management of the commercial use of kangaroos raises complex issues. Management decisions involve multiple stakeholders, who may have conflicting objectives. Each stakeholder may also have multiple objectives, adding to the complexity of the problem. Further, since we are dealing with a natural system, there will be uncertainty about the outcome of specific decisions. The complexity of potential management decisions can be reduced by the use of decision analysis. Decision analysis (also referred to as multi-criteria analysis) provides a formal mechanism for integrating the outcomes of alternative options, so that a course of action can be provisionally selected. Multi-criteria analysis establishes preferences among management alternatives by reference to explicit objectives, for which measurable indicators, termed attributes, have been established. The analysis allows assessment of the extent to which alternative options satisfy the stated objectives (Goodwin and Wright 1991) . In the analysis presented here multi-criteria analysis is used to determine combinations of harvest rate and sex bias that best balance the competing objectives of the stakeholders.
A decision analysis method that is gaining popularity is the Simple Multiple Attribute Rating Technique Extended to Ranks (SMARTER) (Barron and Barrett 1996a) . The SMARTER technique is suited to decision making in situations involving multiple and conflicting objectives, such as the management of harvested kangaroos. We used SMARTER to analyse the results of the temporal model with respect to four stakeholder groups; Government conservationists, non-Government conservationists, pastoralists and the kangaroo industry. The weighting of the simulation results depended on the objectives of the stakeholders. These objectives were defined at a workshop (Hacker and McLeod 1999) and by subsequent consultation. First, government management agencies' objectives concerned the ecological sustainability of the commercial harvest. Second, non-Government conservationist's objectives centred on the principles of ecologically sustainable development, so harvest strategies that minimised long-term effects on kangaroo populations were the most important. Third, the kangaroo industry's concerns focussed on sustainable yields, so strategies that provided high sustainable yields were the most important. Fourth, pastoralists' objectives concerned minimising the effects of kangaroos on pastoral production, so strategies that minimised kangaroo impact on pasture production were favoured. We have also included a fifth group, which weighted all results equally and represented a neutral strategy.
The main steps in a multi-criteria analysis are: 1. Identify the decision makers (stakeholders) and their objectives. We satisfied this step by defining the objectives of each stakeholder group (see Hacker and McLeod 1999) . 2. Identify the options for management. In the case of kangaroo harvesting these were the combinations of harvest rate and sex bias in the harvest. 3. Identify the attributes that measure the outcome of each option against the stakeholder objectives. The list of attributes used in the analysis and their respective weightings are presented in Table 1 . 4. Calculate a value for each combination of harvest rate and sex bias for each attribute. The option values were derived from the results of the age and sexstructured model of kangaroo dynamics. 5. Rank each attribute to reflect its relative importance. 6. Calculate swing weights based on the relative ranking of attributes. Swing weights were calculated using a rank-order centroid algorithm (Barron and Barrett 1996b) . 7. For each combination of harvest rate and sex ratio, multiply the respective attribute value by its respective weight. 8. Sum all chosen attributes for each harvest ratesex ratio combination to derive an overall value. 9. Examine the results and make a provisional decision. The option with the highest value gives the best overall 'fit' to the stakeholders' objectives. 10. Examine the sensitivity of the results to changes in the scores or weights. If the 'best' option retains its highest rank, then the decision is independent of the weights and robust (Goodwin and Wright 1991; Triantaphyllou and Sánchez 1997) .
RESULTS
The greatest summed value of the weighted attribute scores indicates the 'best' combination of harvest rate and sex ratio for each stakeholder. The best solutions to the stakeholder objectives fell into three groups, which were i) non-Government conservationists and wildlife management agencies (Figs 1a-b) , ii) the kangaroo industry (Fig. 1c) and iii) pastoralists (Fig.   1d ).
The best solutions for non-Government conservationists and wildlife management agencies were very similar. This reflects the similarity in the choice of attributes used in the analysis (Table 1) . The best solutions included a high proportion of males (0.9-1) for all harvest rates (Figs 1a-b) . The lowest harvest rate (10%) also produced high MCDA sums that declined as more females were included in the harvest. Combinations of annual harvest rate of 40 -90% and sex ratios that included less than 70% males in the harvest performed poorly. The best overall combination of harvest rate and sex ratio was an annual harvest rate of 10% and male only harvesting. The attributes chosen by these two groups valued combinations that minimised the affect of harvesting on kangaroo populations, favouring combinations that had a low probability of quasiextinction (sensu Ginsberg et al. 1982) and maintained high densities of kangaroos (Figs 2, 3 ).
The attributes chosen by the industry reflected the objectives of minimising the cost of harvesting while obtaining an economically desirable yield (minimising the area to harvest 25,000 kg per quarter), while also attempting to minimise the variance in supply (CV of yield) ( Table 1 ). The best solutions were strongly male biased, and although other combinations of harvest rate and sex ratio did not appear to provide solutions that were much worse, the yields achieved by these other combinations were much lower (Fig. 4) . The best overall combination of harvest rate and sex ratio was male only harvesting at an annual rate of 40% (Fig. 1c) . (Weights reflect the importance of the performance indicators for achieving the objectives of the interest groups. Note that the weights add to 1). Definition of attributes that were used to in the multi-criteria decision analysis. 1. Area -the area (ha) that a harvester would need to travel to harvest 25,000 kg of dressed kangaroo meat. 2. CV yield -the coefficient of variation of the yield. 3. P(quasiextinction) -the probability of quasiextinction (Ginzburg et al. 1982) . 4. Similarity -an index of similarity in structure and density of the harvested population relative to an unharvested population. The index is the BrayCurtis measure described in Krebs (1989) . 5. Mean recovery time index -an index of time till the structure and density of a harvested population is equal to an unharvested population, after harvesting is stopped. 6. P(TSDM) > 300 kg/ha -the probability that total standing dry matter is greater than 300 kg per ha. 7. Mean consumption of SGC -mean consumption by kangaroos of 'safe grazing capacity ' (Johnston et al. 1996) . 8. P(total density) ≤ 0.05 individuals/ha -the probability that total kangaroo density is less than or equal to 0.05 kangaroos/ha.
The best solutions for pastoralists are characterised by harvest rates greater than 30% per annum made up of at least 30% females (Fig. 1d) . The overall best combination was an annual harvest rate of 90% made up of 70% females. The attributes chosen by pastoralists reflect a desire to minimise the effect of kangaroo feeding on available pasture biomass (Table 1 and Fig. 5) . In contrast to the best overall solutions for the other three stakeholder groups, combinations of harvest rate and sex ratio that were male only were universally poor.
The neutrally weighted attribute MCDA scores (Fig. 1e ) counts all attributes as equal (Table 1) . Two groups of harvest rate and sex ratio combinations produced the best solutions. They were: i) strong male bias (70 -100%) across all harvest rates and ii) low annual harvest rates (10 -20%) across all combinations of sex ratio. The overall best combination was an annual harvest rate of 20% with a male bias of 70%, which is remarkably similar to existing harvest of kangaroos under the present management programs in each State. Combinations including high annual harvest rate and strong female bias performed poorly.
DISCUSSION
Stakeholder groups have voiced dissatisfaction with current KMPs (Hacker and McLeod 1999) . These groups have different goals for the management of commercially harvested kangaroos, which on the surface have appeared to be incompatible. The analysis presented in this paper has attempted to clearly define the conditions under which these conflicting goals may be reconciled. Where there are irreconcilable differences the magnitude of the differences and the potential changes in management that would need to occur to achieve a suitable tradeoff have been defined. The analysis has also helped identify common ground between the stakeholders. These issues must be addressed before any adjustment to the current KMPs can be recommended with confidence.
There have been limitations with the previous models of kangaroo dynamics that have not allowed important aspects of alternative harvesting strategies to be studied. Previous models treated kangaroo populations as homogenous groups without sex or age/stage structure, or where structure had been included were based on unreasonable assumptions regarding vital rates or population dynamics (e.g., Kirkpatrick and Nance 1985) . Recent work has indicated that population structure can have a profound influence on the dynamics of harvested kangaroo populations (Pople 1996) . Fig. 1 . The results of the multi-criteria decision analysis (MCDA) for each stakeholder group. The graphs represent the sum of the chosen attributes scores for each combination of annual harvest rate and sex ratio in the harvest. They are respectively a) non-Government conservationists, b) Government wildlife management agencies, c) the kangaroo industry, d) pastoralists, and e) neutral weights. Fig. 2 . The probability of quasiextinction for each combination of harvest rate and sex ratio in the harvest. The derived model was used to evaluate the longterm (100 year) impact of a range of harvest rate and sex bias combinations on kangaroo populations and the pasture upon which they feed. The physiologically structured model represents a significant advancement over existing kangaroo population models. Analysis of the model has helped identify harvest rate and bias combinations that the kangaroo harvesting industry will need to accomplish to achieve certain management objectives.
The stakeholder's objectives were represented by two groups of harvest rate × bias combinations. The first group, which included non-Government conservationists, wildlife management agencies and the kangaroo industry, favoured strong male bias in the harvest of 90 -100%. The other group, which contained only the pastoralists, favoured a strong female bias. At any given harvest rate, a bias in favour of males will allow higher density populations to persist than if the harvest includes a greater proportion of females than males. Strong male bias allows the kangaroo industry to achieve high yields over a wide range of harvest rates, but with a low risk of quasiextinction. A strong female bias will lead to low densities, relative to an unharvested population, with subsequent small increases in average forage biomass. Unfortunately, there is no combination of harvest rate and sex bias that provides a satisfactory solution for all stakeholders.
The greatest scope for reconciling the goals of the stakeholder groups lies with adjustments to the sex ratio of the harvest. If the goal of management is to minimise the effect of harvesting on kangaroo populations, then a harvest strategy that includes a high proportion of males in the harvest at a low annual rate will be favoured. A similar male-biased strategy would be used if the goal of management is to achieve a high yield but with a slightly higher annual harvest rate. But if the goal of management is to minimise the impact of kangaroos on forage availability, a harvest that includes a female bias and a high annual harvest rate will be favoured. Because it is difficult to achieve agreement between the stakeholder groups for the ranking of attributes used in the MCDA, the neutrally weighted attributes may provide the best solution to balancing the multiple objectives of minimising the effect of harvesting on populations, maximising the yield and minimising the effect of kangaroo populations on available pasture. It is perhaps serendipitous that the best solution for MCDA that used neutral weights is very close to the current combination of harvest rate and sex bias.
The analysis presented here has examined alternative harvesting strategies for red kangaroos feeding in a chenopod shrubland. Direct comparisons between the results of this study and those of Caughley's (1987) can therefore be made. However, we recommend caution when extrapolating these results to the other species of harvested kangaroos, until more thorough analyses have been made. For two of these species, M. giganteus and M. fuliginosus, these analyses are presently underway. Preliminary results indicate that differences in the ecology of these species may not be important. The best combinations of harvest rate and sex bias in the harvest were similar to the results for M. rufus for each stakeholder group (McLeod, Hacker and Druhan, unpubl . data).
Caution should be exercised when the outcome of a change in management strategy is uncertain. Although the model and analysis presented here make specific predictions that are supported by some observations (Pople 1996) , the predicted responses of kangaroo populations should be carefully tested using robust experimental methods. Combining an actively adaptive management procedure with the hypotheses derived from the model presented here should lead to rapid improvements in the management of harvested kangaroos in such a way as to satisfy all stakeholders.
